Mistletoe lectins have various biological activities including anti-cancer and immunomodulatory effects. We previously isolated a lectin (ML-J) from Japanese mistletoe. In the present study, we examined the effects of ML-J on cytokine gene expression in human colon adenocarcinoma Caco-2 cells and in the mouse intestine. The results of reverse transcription-polymerase chain reaction and quantitative real-time polymerase chain reaction indicated that ML-J caused an upregulation of the gene expression of the proinflammatory cytokines interleukin (IL)-8, tumor necrosis factor-α (TNF-α) and IL-6 in Caco-2 cells and TNF-α and IL-6 in the duodenum. This study provides the first example to show that a perorally administered plant lectin affects gene expression in the duodenum.
Lectins are proteins or glycoproteins of non-immune origin that bind specifically to the carbohydrate moiety of glycoconjugates (11, 18) . They have various biological activities, causing cell agglutination, mitosis, toxicity, and cell growth inhibition, and their versatility as research tools has been welldocumented (10) . Mistletoe lectins have various biological activities including anti-cancer and immunomodulatory effects (2, 5, 24, (26) (27) (28) (29) 38) . They are a galactose/N-acetylgalactosamine-specific lectin and composed of an A-chain and a B-chain linked by an S-S bond (9) . European mistletoe contains at least 3 different lectins (ML-I, ML-II and ML-III) which belong to type 2 ribosome-inactivating proteins (27) . The complete amino acid sequences of A-chains of ML-I and ML-III indicate that the N-terminal sequence is YERLRLRVTH-in both cases (9, 34) . The N-terminal amino acid sequence of the B-chain of ML-I is DDVTSSASEP- (9, 38) . The A-chains of 3 isoforms of Korean mistletoe lectin have the same N-terminal sequence as that of ML-I (26, 34) . One isoform separated from Korean mistletoe lectin C has been reported to have an A-chain (KML-U/A) with the sequence YERLKLRVTH-and a B-chain (KML-U/ B) with a blocked N-terminus (38) , indicating that this lectin is different from European mistletoe lectins and other isoforms of Korean mistletoe lectins. Recently, we isolated a lectin (ML-J) from Japanese mistletoe, Viscum album L. subsp. Coloratum Kumarov (21). ML-J had a 30-kDa A-chain with the sequence YERLKLRVTH-and a 33-kDa B-chain with a blocked N-terminus (21) . Thus, ML-J is different from the European isoforms at least at the 5th residue in the A-chain, and is thought to be identical or very similar to the isoform of Korean mistletoe lectin with the KML-U/A and KML-U/B chains. Reaching a final conclusion as to the relationship between them will require the complete determination of their amino acid sequences. It should be noted that a Himalayan mistletoe lectin has an A-chain with the sequence YERLDLRVTH-(36) which is (PBS) were subjected to affinity chromatography using agarose gels with immobilized porcine plasma glycoproteins. Elution with 0.2 M lactose in PBS and gel-filtration through Sepharose 4B in PBS provided ML-J, the purity of which was evaluated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) as described previously (15, 21) . European mistletoe lectin was obtained from Sigma-Aldrich Corp. (Tokyo, Japan).
Cells and treatments.
Caco-2 cells were obtained from the Riken Cell Bank, Tsukuba, Ibaraki, Japan, and cultured in 10% fetal bovine serum in Dulbecco's Minimum Essential Medium containing 50 U/mL penicillin, 50 μg/mL streptomycin, and 2.5 μg/mL amphotericin B at 37°C under a 5% CO 2 atmosphere. For treatment, Caco-2 cells were washed three times with serum-free medium, Cosmedium 001 (Cosmo Bio. Tokyo, Japan), and incubated with ML-J in Cosmedium 001. Animal experimental design. Ethical approval for the study was obtained from the Committee for Animal Experimentation of the University of Shizuoka. Male Balb/c mice (6 weeks old, 20-22 g) were puragain different at the 5th residue from those of Japanese, Korean and European isoforms. Although we reported an apoptosis-inducing effect of ML-J on cancer cells (21) , other biological activities have remained unknown. Since immunomodulatory properties of mistletoe lectins have been documented (2, 5, 22 ) and since we and others have shown that certain lectins stimulate cytokine expression using Caco-2 cells, a human intestinal cell line derived from a colon adenocarcinoma (20, 32) , we examined the effects of ML-J on cytokine expression in these cells and in animal experiments. In the present study, we show that ML-J stimulates the gene expression of proinflammatory cytokines, interleukin (IL)-8, tumor necrosis factor (TNF)-α and interleukin (IL)-6 in Caco-2 cells, and TNF-α and IL-6 in the mouse duodenum.
MATERIALS AND METHODS
Preparation of ML-J. ML-J was prepared from yellow berry mistletoe Viscum album L. as described previously (15, 21) . Briefly, mistletoe extracts obtained by extraction with phosphate-buffered saline
Table 1 Primers used for RT-PCR and Q-PCR

Gene name
Forward primer Reverse primer
*Primers for Q-PCR ML-J under the conditions used. Since 24 h was considered long enough to reveal the up-regulation of these genes, we examined dose-dependent changes in the gene expression after a 24-h incubation. When Caco-2 cells were incubated with ML-J for 24 h, the results of RT-PCR showed a concentrationdependent up-regulation of the gene expression of IL-8, TNF-α and IL-6 ( Fig. 3) . These results were confirmed by Q-PCR (Fig. 4) , indicating clearly that ML-J up-regulated the gene expression of these cytokines.
Effects of ML-J on gene expression in the mouse colon
The results of RT-PCR showed the expression of TNF-α and IL-6 to be up-regulated in the duodenum of mice given ML-J (10 μg/head) intragastrically after 24 h as compared with those given PBS (Fig. 5) . These results were confirmed by Q-PCR (Fig. 6) . Similar results were obtained, when β-actin in place of GAPDH was used as a house-keeping gene (not shown). There were no alterations in the expression of these genes in the ileum and Peyer's patches after the lectin treatment (not shown).
DISCUSSION
Lectins found in many foods (25) are frequently resistant to degradation by cooking and digestive processes and are present in an active form in colonic contents after digestion (4) . The binding of red kidney bean agglutinin to brush-border membranes (3) may be responsible for the human intoxication chased from the Shizuoka Laboratory Animal Center (Shizuoka, Japan). They were maintained with standard solid laboratory chow (MF; Oriental Yeast Co. Ltd., Tokyo, Japan) and divided into two groups of 5; a control group and a group treated with ML-J, with no significant difference in body weight between the groups. The control group received PBS (200 μL) used as a vehicle, while the ML-Jtreated group received 10 μg/head of ML-J in PBS (200 μL) intragastrically. After 24 h, the animals were killed and tissues were dissected. The duodenum, ileum, and Peyer's patches samples for reverse transcription-polymerase chain reaction (RT-PCR) and quantitative real-time PCR (Q-PCR) were kept at −85°C in RNAlater (Ambion Inc., Tokyo, Japan).
RT-PCR and Q-PCR.
Total RNA was extracted from the cells and tissues, and mRNA was prepared using a QIAamp RNA Blood Mini Kit (Qiagen Ltd., Tokyo, Japan) according to the manufacturer's directions. To prevent contamination, samples were treated with deoxyribonuclease (RT-grade, Wako Pure Chemical Industries Ltd.) as recommended by the manufacturer (1, 33). RT-PCR was performed as described using the Thermal Cycler Dice (TaKaRa Bio., Tokyo, Japan) (1, 33). The primers used were purchased from Sigma-Aldrich (Tokyo, Japan) and are listed in Table 1 . Amplified DNA was subjected to electrophoresis in 2% agarose, stained with SYBR Green I (Molecular Probes Ltd., Eugene, Oregon, USA), and imaged using a FluorImager (Molecular Dynamics Tokyo Ltd., Tokyo, Japan) as described previously (1, 33) . Expected sizes of amplified DNA were 171 bp, 184 bp, 169 bp, and 497 bp for human IL-8, TNF-α, IL-6, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH), respectively. Q-PCR was performed using the Thermal Cycler Dice Real Time (TaKaRa Bio.) as described (1) . Primers were purchased from TaKaRa Bio., and are listed in Table 1 .
RESULTS
Effects of ML-J on gene expression in Caco-2 cells
The results of SDS-PAGE revealed that ML-J was more than 95% pure, and different from European mistletoe lectin (Fig. 1) as reported previously (21) . When Caco-2 cells were treated with ML-J at 10 ng/ mL, the gene expression of TNF-α and IL-8 increased time-dependently as revealed by RT-PCR (Fig. 2 ). There were no apparent morphological changes in the cells treated with ML-J as compared with untreated cells, suggesting no cytotoxicity of non-Hodgkin lymphoma tumor (28, 29) . We have isolated Japanese mistletoe lectin ML-J and previous and present results have shown that ML-J has subunits differing in molecular weight from those of ML-I as revealed by SDS-PAGE (Fig. 1) . Since the molecular mass of the entire ML-J molecule (63 kDa) is very similar to that of ML-I (63 kDa), we speculate that the difference may have arisen from the difference in a posttranslational processing of a respective precursor protein (9) . Modification with glycosylation would also generate various isoforms (34) . Although determination of the full structure of ML-J is required to establish the relationship with other mistletoe lectins, these lectins seem to have very similar biological activities. Our previous experiments indicated that ML-J had apoptosisinducing activity (21) , suggesting anti-cancer effects like those of European and Korean mistletoe lectins.
In the present experiments, we examined the immunomodulatory properties of ML-J. The results of RT-PCR and Q-PCR clearly demonstrated that ML-J up-regulated the gene expression of IL-8, TNF-α and IL-6 concentration-dependently in colon adenocarcinoma Caco-2 cells (Figs. 3 and 4) . The results also showed that intragastrically administered ML-J up-regulated the gene expression of TNF-α and IL-6 in the mouse duodenum (Figs. 5 and 6 ). The expression of these genes was not altered in Peyer's patches or the ileum, presumably because ML-J at the concentration used (10 μg/head) was not delivered to these tissues and/or because the tissues were devoid of the cell surface receptor(s) for ML-J. IL-8 was not examined because of the apparent absence caused by inadequately heated beans (31) . On the other hand, lectins may help to maintain the immune system. A wheat germ agglutinin-deprived diet induced a state of functional unresponsiveness in lymphocytes to stimulation with mitogen phytohemagglutinin and lipopolysaccharides (6) . Dietary wheat germ agglutinin may prevent allergic reactions in vivo (35) . These examples indicate the need for more detailed examinations of plant lectins and their physiological effects using animal experiments.
The aqueous extract of European mistletoe has been used in conventional cancer therapy (16, 23) and the anti-cancer activity of mistletoe has been ascribed to a combination of cytotoxic and immunological effects (22) . Oral administration of a Korean mistletoe lectin inhibited experimental lung metastasis produced by colon carcinoma 26-M3.1 cells in mice (37) . An European mistletoe lectin-containing diet was shown to reduce the viability of a murine of a rodent ortholog of human IL-8 (8) .
There have been several papers describing the direct binding of dietary lectins to the intestinal tissues. King et al. (19) examined the binding of ingested kidney bean lectins to the luminal surface of the rat gut by an indirect immunofluorescence method. They found that the major lectin-positive sites were the non-crypt regions in the proximal part of the small intestine, and that the lectins were not located in the brush border regions of ileal villi (19) . Kilpatrick et al. (17) reported that orally administered tomato lectin was shown by immunoperoxidase staining to bind to villi of both the duodenum and the ileum. Moreover, the intragastrically administered lectins (Phaseolus vulgaris agglutinin, Glycine maxima lectin, Sambucus nigra agglutinin-I and II, and Vicia faba lectin) were reported to bind to the brush border in the rat small intestine (30) .
Thus, several papers have demonstrated the direct binding of lectins to intestinal tissues (7, 17, 30) . However, no reports have examined the effects of lectin-binding at the gene expression level. Therefore, to our best knowledge, this is the first paper to describe in vivo effects of a purified lectin on the gene expression of cytokines in the intestine. A future study should clarify the binding site of ML-J in the animal intestine.
The present results are consistent with previous findings. European mistletoe lectin induced the gene expression of IL-1, IL-6, TNF-α, interferon-γ, granulocyte-monocyte colony-stimulating factor, and IL-10 in peripheral blood mononuclear cells (14) . European mistletoe lectin caused increased secretion of TNF-α, IL-1, and IL-6 in exposed human mononuclear cells (13) . Experiments using multilayered skin keratinocytes showed that European mistletoe extracts caused the release of IL-1α, IL-2, IL-6, IL-10 and TNF-α (12) . Thus, the present study suggests ML-J to have very similar properties to European and Korean mistletoe lectins so that ML-J can be expected to have anti-cancer activity in vivo.
It also shows that Caco-2 cells provide a suitable cell culture model to examine the effects of plant lectins on cytokine expression, which can be linked to those in experiments in vivo. In summary, the present results indicated that ML-J exhibited strong stimulatory activity to enhance the gene expression of certain proinflammatory cytokines in vitro and in vivo. Fig. 5 Effects of ML-J on gene expression of TNF-α and IL-6 in the mouse duodenum, as determined by RT-PCR. RNA was extracted from the duodenum of mice (n = 5) treated with ML-J at 10 μg/head, and the gene expression of TNF-α and IL-6 was examined by RT-PCR. Amplified DNA was visualized using a FluorImager after staining with SYBR Green I and compared with that of untreated control mice (n = 5). GAPDH was used as a house-keeping gene. RNA was extracted from the duodenum of mice (n = 5) treated with ML-J at 10 μg/head, and the gene expression of TNF-α and IL-6 was examined by Q-PCR. Gene expression was normalized using GAPDH, and results are expressed as a ratio (mean ± SE) to that for the untreated control (n = 5) on the basis of three determinations. *Significantly different from the control at P < 0.05 (ANOVA).
